Force constants have been evaluated by the WILSON group theoretical method for various ij3 molecules possessing a planar trigonal symmetry. Mean-square amplitude quantities and mean amplitudes of vibration for the bonded as well as nonbonded atom pairs have been computed at the temperatures T=0 and 7=298 °K for C3 , Si3 , and XeF2 by the CYVIN method. The molar thermodynamic functions from spectroscopic data have been calculated for Si3 and XeF2 on the basis of a rigid rotator, harmonic oscillator model. BASTIANSEN-MORINO shrinkage effects have been calculated for various linear asymmetrical ijk, linear symmetrical ij2 and tetrahedral ijx molecules at the temperatures T=0 and T=298 °K.
Since the molecular structural studies with high degree of accuracy from electron diffraction studies have, nowadays, been well advanced, the spectroscopic studies of mean amplitudes of vibration, shrinkages of chemical bonds, force constants and thermodynamic functions would be very useful for the i) interpretation of the results of electron diffraction studies, ii) study of the nature of chemical bonds, iii) determination of normal frequencies in other related systems having similar chemical bonds with nearly identical internuclear distances and iv) interpretation of the experimental heat capacities and entropies. In undertaking such investigations for various molecular systems, the WILSON group theoretical method 1 for the calculation of force constants, the CYVIN method 2 for the computation of mean amplitudes of vibration and shrinkage effects and statistical-mechanical treatment for the calculations of thermodynamic functions have been adopted here.
Force Constants of some Planar ij3 Molecules
The molecules such as W03 , MoOa , U03 , BH3 , CH3, CF3, A1F3, and A1C13 possessing a planar trigonal symmetry have been considered here for the the calculation of force constants by the WILSON group theoretical method 1 and their fundamental frequencies in cm -1 are given in Table 1 Molecule N(AI') V2(A2")
V3(E')
F4(E') Table 3 for all these three molecules where or is the mean-square amplitude quantity due to the bonded atom pair i -j, orr the quantity due to the interaction of the bonded atom pairs and o& the quantity due to the bending of the molecule. The corresponding calculated values of mean amplitudes of vibration for both bonded and nonbonded atom pairs are given in Ä in Table 4 .
The quantity due to bending is very much greater than that due to the bonded atom pair in contrast to the corresponding force constant values. The meansquare amplitude quantity due to the interaction of the bonded atom pairs is very small. amplitude of vibration for the nonbonded distance is very higher than that of the bonded atom pair. There are no experimental values from electron diffraction studies available to make a comparison with results of the present study.
Thermodynamic Functions of Si3 and XeF2
The molar thermodynamic functions such as heat content, free energy, entropy and heat capacity of 
Bastiansen-Morino Shrinkage Effect in some Linear ijk Molecules
The apparent shortening or shrinkage of the long distances in linear chains observed by BASTIANSEN and his associates 29-32 from electron diffraction studies was theoretically established by MORINO 33 on the basis of the intramolecular motion. This shrinkage which has been attributed to the out-oflinearity vibrations increases with increasing bonds in long chain molecules. MORINO where (Axik 2 ), (Ax{ 2 ), and (Axjk 2 ) stand for the mean-square perpendicular amplitudes of vibration corresponding to the i -k, i -j, and j -k distances and similarly r;A e , ri; e , and rjk e stand for the internuclear distances i -k, i -j, and j -k at the equilibrium position. The mean-square perpendicular amplitudes of vibration (zlx 2 ) and {Ay 2 ) are identical for the bonded atom pair. The mean-square parallel or perpendicular amplitudes of vibration can be calculated in the manner described by MORINO and HIROTA 36 for any molecular system.
The molecules such as FCN, C1CN, BrCN, ICN, N20, HgClBr, LaC2, BeC2, SiC2, and Si2C have been considered here for the calculation of shrinkage effect and their fundamental frequencies in cm -1 and internuclear distances in Ä are given in Table 7 . Since the experimental values of internuclear distances for some of the molecules of the present study are not available, they are taken from the related molecules having similar chemical bonds. Table 7 . Fundamental frequencies in cm -1 and internuclear distances in Ä in some linear ijk molecules. pendicular amplitudes of vibration in Ä 2 for the bonded and nonbonded atom pairs are given in Table 8 at the temperatures T = 0 and T = 298 °K and similarly the calculated values of BASTIANSEN-MORINO shrinkage effect in Ä are given in Table 9 for all these molecules. Since the experimental values of shrinkages for these molecules are not available, no comparison could be made here.
Bastiansen-Morino Shrinkage Effect in some Linear ij2 Molecules
The analytical expression of BASTIANSEN-MORINO shrinkage effect for a linear symmetrical ij2 molecule is given by: Table 9 . BASTIANSEN-MORINO shrinkage effects in Ä in some linear ijk molecules.
where the symbols have the usual meaning. In this case, the mean-square perpendicular amplitudes of vibration (Axjj 2 ) and (Ay,] 2 ) for the nonbonded atom pair become vanished by symmetry of the Table 8 . Mean-square perpendicular amplitudes of vibration in A 2 in some linear ijk molecules. molecular system. The mean-square perpendicular amplitudes of vibration (Ax 2 ) and (Ay 2 ) are identical for the bonded atom pair. The molecules such as Zr02 , Ti02 , Si02 , B02 , Cr02 , mercury dihalides, beryllium dihalides, magnesium fluoride, magnesium chloride, XeF2, C3, and Si3 have been considered here for the calculation of shrinkages and their fundamental frequencies in cm -1 and internuclear distances in Ä are given in Table 10 . The calculated values of the mean-square perpendicular amplitudes of vibration in Ä 2 for the bonded atom pair and BASTIANSEN-MORINO shrinkage effect in Ä are given in Table 11 at the temperature T = 0 and T = 298 °K. some of the metal dihalides at the room temperature. The values are in the increasing order from lower to higher members of the halogen series. This shows that the replacement of end atoms with atoms of higher atomic weight causes lower fundamental frequencies and higher shrinkage effect.
Bastiansen-Morino Shrinkage Effect in some Tetrahedral i/4 Molecules
MORINO and his associates 37 derived an analytical expression for the shrinkage effect of non-linear conformation, defined the terms "natural" shrinkage and "practical" shrinkage and proved that both are identical to the first order approximation. Considering non-linear shrinkage effect, the anharmonic term, as in the case of a linear molecule, may not be cancelled out and may be obtained as a linear combination of symmetry coordinates of the totally symmetrical vibrational modes (stretching and angle deformation modes). The contributions from the symmetry coordinates of the stretching modes to the anharmonic terms of the practical shrinkage effect always become vanished while those from the symmetry coordinates of the angle deformation modes do exist. In highly symmetrical molecules having no totally symmetrical deformation modes, anharmonic terms cancel out in the computation of shrinkage The calculated values of shrinkage effect in Ä are given in Table 13 at the temperatures ^ = 0 and T = 298 °K. As obtained in other types of molecules earlier, the values are in the increasing order from lower to higher members of the halogen series at room temperature. Though the values appear small, they are real and they are to be added at the appropriate temperatures to the observed internuclear distances from electron diffraction studies in order to obtaine the actual internuclear distances.
